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FOREWORD

The work described in this report was authorized under Task A
1B56Z60ZAD1002, Chemical Toxic Compounds, Analytical Studies. The
work was started in October 1969 and completed in June 1970.

This report is reprinted from the Analytica Chimica Acta 52,
537-544 (1970); copyright 1970 by the Elsevier Publishing Company,

Amsterdam. Letter of permission (from Professor Philip A. Wes*., Coats
Chemical Laboratories, College of Chemistry and Physics) to use this
copyrighted material is on file in the Office of the Counsel, Edgewood

Arsenal, Maryland 21010. Reproduction of the copyrighted material in
whole or in part is prohibited except with permission of the copyright owner.
Reprints can be obtained from Dr. Harvey W. Yurow or Mr, Samuel Sass,
Chemical Laboratory, Edgewood Arsenal, Maryland Z1010.

A

-A

zB

-31

A



DIGE ST

JBipotentiornetric titrations icf various polynuclear aromatic
hydrocarbons, benzenes substituted with electron-donatiang groiips, ani
Tr-excessive heteroarornatics in trUiluoroacetic acid - dichicromethane with
lead (IV) or cobalt (III) acetate solutionresulted itinovel titra."lon curves. Each
reagent increment. usually resulted in the formation of a potential "saw
tooth, " indicating form-ation and decay of r~eversible redox couples; the
firial titration curves had one or m~ore potential minima regions before the
end-point. In almost all instances the titration curve for a given aromatic

compound is characteristic, somewhat in~ the manner of a spectrophoto-
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Anal~ua C iftuaAaft537,

BItiP(YENTIONIMTRY IN ORI;ANC JR E1)OX N T

Ix~ 1A .LOXI I DA11 RA I* ( )IM.\ I' t sOIN 1I DS1, IN TRidFIA*( )RO( K, I IC AC.I)

11 XIATVy W. YUIHOW %%I " Vlt 1:1. ~v

Rreif.h Lubjwaieiiai, Kigou *.m,.1 vv SL

Initen-iolors have lr.---nois dervt'(1 ins~pi)t-tct~tTat.I~JI Ivx r:iht t
itvdiroar1b4ll-ý nxidizvd with Itkad,'[V) attat:v ill tr'fluortrocet ir acid (rFAIl iBv anl'..o
gy to elvetrovcutivntal ox itttionls, it Was~ po.st tiltted that tho,.e cmior,. involved radiCal
t-atiolsii specie,.I h~ ex' are sufficiently stablie, thren they might foral ekec--
Tiodivinicadiv reversible redox coujple-. that van he (ketectel by mneals of bip:,telttil-
imetrv. This ttechnique. which has, been applit-d almiost exclusiveIv t'. i-.iorgaicit %7s-

teill. . make~. 11--<of a puir of platintum clectrod{es pularized with severa i niieroanipce,
of dircet, current. If ani ecroeniaiv rrever~bI.-~ -.iib,,tratc iý Iwacted with a re-
ve'rsjibie titrant, then the potential betieeix we t.wo clecumodc' ioue titl:rized. theV
:.ther depo~ariited) reI!1ains. high dutring the titratiot: but drops iharpiy inl flh vicini-
ty (if tile endl(-oiflt when l)otht electrode, are depolarized -\: vdectro-hIenuicafiv re-
Ver~ibde redox couple is onte flhat -;ti (IeJpolaize/. --lectrode~.. bt-cau.t! It,- relat ive~v
rapidi rate oif vlectr'mn transfer maintain' equilibriuntl at thle dc' troxd(-."

from the above it- t~iat during the titrationl of irrc.ver~ible silb~traite Wth~I irrever~.iI.e

oxidl(anti. 4tviInviela t e revershI& rcdox sp~ies 1 of Atrtbu 1appr-rccab~le half-ies nre

l~~ ;a-ectatc wa~s prepared fromt red lead(l VI o\00. whifle cobalt(IfI i
ctate iva, readily rohtaim'd front cobalt (HI) a14etate and iedid I V) acetater6 il FA

1Ihe S0lut:40, 911 !Ihl lead(j~jV) saxlt, ,.I N inl TFA. It~ aboutl V%, titer per 'lav, andt the
Solid xnlacrial A.owly dcc.uno-s1-ed on. stalaaiflg. so that frequi-tit standardizatin n aý
required.

The oxidant, were _taxidardI7Cd W.1th Kioil~t~iiinn & K Uab-i.

recrystallized fromt wat'r udtandt.m(.rdizvd with (hidiromlate litan ijeou',ý .uAlltioll-og-
diphu'*lnii~lI..attilndicator. Thie si tllhardi/zItion1 tf ttxidant. o.i xV in, TFi.\ ~a

dlitte powntitiontetr~iially in s a t (v ('.. v) iiixItr' oi TFA: (HLastixxixl an'l hivi'lnor'.nxe-

.Arkaliati, Compountd. iltvesthgdtedl werv 1o"mimert ially available sa x.., l
- ~~~the lnare-st grads ivial.:tc .lixisS 't .I cin iloronteiiane were pr-'

patred frendh icve.y .1t her dayv.
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PtotcutIia wm11'uren lei.z, xvt'rv Llad- weifli at P1t'kni-ii *--qmndd-,, atlp pI n1.4te.l

diauseitv- ,ilver ojr 1ahunun wice~. Disrt-vt ;'utrtot *va-; pri-vided sr.'in
tranformxer witth a sdcricniu --c-Otfitr 12. V~t m~id ai swr~v. ro-4s(tank- J-. u)

Thie bipiot nt ionictric titrat ion wa pter'..nned in at 3-in!. bNikcr with a nhjcvroIbar
,;tirrter and a tw4"IIOIQ alumninum fo~i. C;p to naii1iit.-V vvape*.atiol of til soheutti mis-
turt! whind was mi of rFA, o.io all kif slok -;olut ion, and o.z mid (I, di, ~i~t.te
Thesti11'strate concentlrat ion wVa- i.29j o il 3.11, A-ir wva. not excdvtnhd fionm thw~~et.
which wa'; run at ambient tenlj Vaturvl. Thet vletrodec, were jw 5-ýiu le,~t of platimuin
wire ill.). lI) led in a p1)1w t ii y1i'i `41. 1~ ""C I t -1lla af ai 31"1''I £/'( I It Ii7 Ai
applied direct currenlt. (I xmd,111t, o.so in j'IT.', X%;v. mai lficed with .1 a.11 G4111,1111ia

4 ti't'(~lflv tt't ii i it ie It( j of 11 ;;u~ t I9 j..'u' in ivi : 'I iv411w 1 * I 'a; t re w t "( I., v I IIt

For Yeaso4". III tŽcomon, Ott- IF I.\ recovered fromi tile wxjxmdcJ !'oVltc

tuixttlrc bv a simtll)c fractitmationt.

PreHimbiarv e xfyriietius
Initiali addifions o' oxidant to an aromaitic Sutaere~uled ifl ;ti almtost

in tarf am ou-, ch'ange in potential (Al' betwcrfl the po.1ari.zed clectrt.de:Ž. followed

-OWL

%! htMeO2S

Ic i:lJ ,---p 0vT.-

Fi. B"h-k.wt. u'io f -i4jjV vctl.at-x
'vi II

o'1tol ctt.x v-ltSuc
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b eav- ofptnilt vvlue. Thlis increnlicut wailslusally eof thle "iaw-tooth"

type. These incerements went to make up titration curvos tli;tt :iad one or more
piteni: al m~ininma region, hefoze the end-pioint (Nee Figs. 1 -4).

Thie simape and nuagnitude oif the increments as wieaI as the shin jie of tile ti-
tiation curve for a given: mibstrate wev- qunite se::i:tive to a variety of p1traiieters,
s ome of which are consider.ýd ni detail in this palier. rile four inn or pairame~ters were:J5

ct-ovnOxidant, applied e-urrent (nore specifi(.ahly eurrent density) alld( (IehaN
IL ~~tiflw between addditions. lKealse of tile h)%% solubl~ity~ of :nianw roinati.'s in TFA. aI -

relatively inert ct solveint wv..s reqjuiredI. 1)ichloromlethanle w-is found to lie satisfac- A
[ory ind had the added advantage that rVA could be readilv rec',vered In fract ioila-
tion from mixturesý with it. Other pohalvldoguln ail';anes could lbe 5shbtituted with llo.

Micble Chang nicret ip. izn wsooractive to be a snitable solvent.

I t was i1i'it ed thI at lead ( IX) -.tIid rohalItI(I 11) oxidanltsN ga ve ol I smiall potential
t(; drps vi: Wank titra.tioin., hui atig low dle'ne of electrochemical re~ ersihilitv and(

aliowing1 -11siu ii~ 'S to be- imade. With the variotts m.ulistrates. thi-~ two

i :eag, nt., were found to (litier in two important ways\.. With almost all of the comnpound(sA
te-Aete" ctbalt(ll I). a :-Couivalent oxidant, gave larger Al! values than lead(IV), aI

E,2-e(tiuivaliltt oxidant. hi effect was magnified in very dilute sctmution (Substrate
1.2.5. 10-1 .11). Also. miarkedly different type carves, were often give:: b~y both oxidant.-
with a .. substrate. . 5 ngate-e( 11) Icha iial to cobadt(l Il), whidle thal-
liuttl(IIl) areta~v reacted only with the most reactive .dbstrate&.

The curre.-A applied was, 7 pnA (2.1 VJO.3 110), hut be-cause of high Sulutionl re-I
sistanlce, the acwtal value as mleasulred1 with a microanu~ivter was only abo~ut hialf.

A-
1131

a 0 W %0 2W 240 0 4 -;o I' 0029

Fig-. 1. Mpolentnimmetric t~t.itmtkz of ph~i..oathrct e mi-t Wadtl\,t') accltur a typ. I AS curvC.

Fi.4. Ripi uitent..mtric Ottrujon of i...iý-th~~ i~l~ti).cvtate, a fi

.4 12-Iis Ch-z-- -Az-- 5Z-- (!71, 7- I



CL.%S91hC.VI 10% 01' 111KI*TlEN 10MEMOUC CVRVhS FOR VAIAOUS AROMA,'TICCOPUD

Class C~n.in

I ANdI 11 CbzI(II

Angulcar anthaiti .2ntltraceMt Iira I I AS I IAS~

1,2.3.4 IDilwtczantlitacczit 1 1.5 If AS
I Its I I AS

3. Angular 1)heuanthnnercI vnthcl I AS Ill sicu
Ow. scent I 11M Ivs S

3. .p11knza..pieicntIhrcIn Il AS I I AS

.1. C.-nidtatscd ring 'lripiinvldne I I s BIs
i 'vrvsent s 3

1.- lcezpyIn I JIS I BS
3,'4 -IBcI~zojPrcnc II MNI Ill *%

Perviene I WNM 1 J3M

5. l'oiyaryl Ijlipheiyl I AS I I's,

,zJini1ty I uS 11 AS,
2,-Ill napletlIy I I 11F I I AS
i-l'ltivinaplithaalene I IIlM3 IlI, '.\I

2-llI-anaI~l~lLneI ANI I Bs5

9.iul~ihenlanlirccI II NIM II1

6. Non-alternant Fluorene I USs 13NIMa
Flnoranthiune I BIMA I INI a

Acmplt t ~ceI A S I 13M
.A:uIcnc I AS 1 1311

7. Pulverle. cis-Stillwne I AMI It A~S,
iai,-asSUiIbne I As It AN1

S.M:cclaeecou An 1.ieofen I IM 1.

a. 1-thrrs 2.thloroair-tIS lc It AS I 11S
3-Claloroatnms.le I.* defiled I Bs

.,.hlooaisut'It As. I S

I'llenot I AM I BS
-Chlor.jpI~eno) AMI I AMI

3.Chlolrophenot I AMI I AS

4 .(hiroj'livc-io I A31 11 131

3. Amnufes Anihnt- llI1e1:JintLd 1II-defiswd
2.Cldomlanfllifl I AS I 13IM

IDipheoviaminf I JIM I b.11

Itcterom-r natics (arbarole I BNM I 11M
I'ic,,l~tzneI, A.M II AM

l'Lcnothioxin I Wfi I 11 Ml
I'lenx~iteIf -VI . I I AM

A-IMi a/tint Ada. 5: 0970') 5.4. 511



oxmIxL'ioN0'.\IOA! COMPOUNr co i o ): iN TP'A 5.41

This %,tilue was just sufficienit, under experimetaeil conditions with the miajority of
Coll pouinds 'taIi,ioles andl pl~liools- required -3.5 ItA). to bring thl. pit meter ilce(le wth
scale with tu~e asymmuetry contr'll. Consequlently, (lhe scale included a 1.01)o i11V :pao

-- l~~etween abouit + (Ho al'd( + 2oo0 in\.. Smaller app~liedI current- (chaniged the A V
values Somewhat but not tile shape of the titrati'.n curvts. With thie samne c'-i'rent
(7 ,iA and a larger ballast-' load, 49 \'!7 .110) le!ss well-defined cuvswere obhtained
thanu with mhe above. A 15-sec interv.-.l bet~ween titration addition., and a chart s-peed
of o..5 in min-' were found to he op~timial for the qualitative comparison of the coml-
pounid., studhied: h'it for quantitative studies, other valueos of current densitv, ballas't
load and interval beQtween additions imiight be nmore suitable.

Other parameters that were found to affect the shape of inicremtents includedI:
(it) presence of added bases-. such as water (ill,) in thessolvent mixture, that co~lliIilled~
with reactive interniedliate~.A and th) rajpiditv of reagent addition and stirring, which
inifluecnedl Al' vallies.

Finally, it shou~ld be mentioned that inclusion oif a third (reference) e!ectrode,
consisting of a silver wire dipping into the titnr.tio1 minxture containing o0.01 1 Silver
trifluoroacetate, gave different curvies when reference and anode or reference and
cathode poitential dhifference was ine.ivmred.

Classification of titratiou, clrvcs
WVell-defined titration curves were considered to be those with, ant end-point

b)reak and, 1)referablNl. one or mo~re potent ial minimia. C:ertain compl)iunds (c.i~ aniline, -
and the r-deficient 1he.teroiaromiat ics-acindIine. plienazine, and phienantliridine)
gave "saw-tooth'' increments but p~oorly defined curves which lacked both potwitial
mnimua and end-po~ints.

Classification was based Upon titration of fre-msi stock solutions of assuni,ýd re- -R
latively pure compound~s. Solt:!ions used over more than !--2 days often gave sigm-
ficantlv different results.

Thle curves for representative co)nlxoun(Is of different clazssvs of aromatic
Conmpound-, withl lelad'IV) and ctibaltfIl ) are classified in Table I. The carves, re-A
presenta~tiv'e examples of which are givenl iii Figs. 1 4. are classified on the followingI
oasis.

i. Whether the curve had I, I1, Ill, etc. po)tenttial mnm eoeteei-oi
Potential nuinina were "trouizl&' mn the titration curves formned 1w drawing a line
connecting inicreinents at thecir upper tips. With lead(lV) titrant almost all iiuhstrates
gave a curve having a slight rise after file end-po~int. wvhich for the pu~rpose- of classifi-
cation was irot considered a true potential mininimurn.

2. Whether thle minimum potential was above (A) or b~elow (Bi), that for the
end-point for type I curves; or whether thle first minimium was ahove (A) or below (13),
that for the second for typ lwII1 curves. T\ype 111 and IV curves were sufficiently rare
that no further subdivision of thi-f type wvas muadeý

3. Whether the curve was niade upl exclusively oif "saw-toothi' increments (S)
of included a bigmtificant n'timber of miixed type increments (M)l. "Saiw-toijtl"incmre-
mnents weort thoso where thle internal angle of the "saw-tooth" was less than go .

Other incremtents, were often encountered with angit~s be-tween 9jo- and ca. 135'
Occasionally in verse i ncremuents resutlted.

This classification (Table 1) leads to the observation tilat for rondensed 1)4i\-

A nal. Chin:. Arta. 5. 097C) 337-544
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I
nuclear roatic hydrovarbons and our out of fivt-:r-excesiive lieteroa~rtiilatins ~ti-
(died, both oxidants gave curves of the saniv class type.

Quiantitative relationships j ~ b e~r i oto aryco.eysc
Quantitative rt-latiowiNsip, amiong the vaois'U cuirves wetr not 51nwiel in anyv

d (etail in this investigaition lit t Would include imminitiude of potenitiajl drop (Al') -45
decay rates of reversible redox coull"le. and stoic lit onet rv at Potential mili na and

fco-astempekrature and speedI of ad~dition. I lowe-ver, it i, noteworthy that unider
tleexp~erimkental cc'ndlktwus1 tr~ed. a inumber of hiarvl-sand p-iubstituted anlisolvs, gave

rltvlv are .11 values. Decay rates vzyiedl consitkurablv% (cit. 0.1-i min half-lives;.
ntonly from conip-tlil tit compiound lbui even iii various poitinr o ientta

tnCuv.Ill iuaiiv inistances;. incremunts; in the as~cendling po)rt ion of a curve ducaved
momr- ralpidly than thiose in the, dlescending potrtionf. I tetial -it:. ima~ oiften dlidi not

com-res~pitd to integral oxidafion equivalents. p ibvindicating C-,ncurrent rather
than sequential oxidat ion, For many of time curves:, endl-points were rehatmychy gradulltl
and nion-stqoichionwtiric, whiciz is probliahi vartly due it, the miom-equimibriumn conudi-
tions emp1 loyed. Further. reaiction of sub.;trate with tJxyllet in the air wVas ob,.erveid
with reactive lmivrocarboni m; such as peivheiie oir rubrene. m

Almiost all of thle couttipolud, examined gakve vivid color tranti-;iionsý during.
the titratiomi.. In a number oif instainces these clianMime carrespondeil to 6~arp diaml'tmC'e
in thle bi ponentionietric curves.

Osiditicion mehintjismis4

I-or biijotefltionwiery atit(i liamlperolnetry elerct 'hiemicallv rever~ihle rudox J
couples aire essiential. Ini or~l.i bio tiemietr.. in a relatively inert -olvent. electroi-
chemical reve:i~bility and. cotwequemltlv. the ýAmal amid Aze of the titrativii inciremnemnst
will (etlepn essentialily upon1 twV- ecluatiow;m: -

Oxidatioln. involving losS o'f ail electrotn itvtn. i m are callable i.; being ele~zrt-ii
chemically reversible. while lcis,. bV ,Uls~ra1e of a ilvdirogzen atom tvxý-ept 01l or NIl I.
or a hydrid' e i--ii gmict ally rtmnder,- thenm urvveribhe. Furtlher. if t hell-at, it dimeriiatiomt
of thme radical cation i-, rapidt (relittively time-table r-tdical ration I cumuparvd it, the r.;tt
oi initial electron transfer Ithen meactiom; (1) will bie rendv;.cd irreverile

Elecirocebemnical ;mnd"'Or chemical evidente indicate., that fair pokl uniutl tr arob-
m~afit k-drorar~honss. hiewroaLroin~atics; anit arontmtiethmr,' initial .oxidation give,

tile radical Cations Ar.- and Ar -O R. respt ctivelv. "h~ilv pltleio!i'-'O give Ar 0

Antinles oxd~e ~crcmmchvgive Ar S(l l! .umid Chemical "ixidlt it'll hprodlue 31.
r NhIThese radical cations differ wvidely ill in,.;abilitv widhm rt-pwt to diniuetiit-

tion. Relative stalbilitiesý can bie en~tjmnatvd bw hbelme. Filled Molecular O-bital cal-
Clulations-. Radical cat.ions front -r-defirient lieteroiaroamatics awild anmines arc ir
tieularlv unstabhe% lin thme current investigation, it was found A;ha all ol thme cxamniiaei

- - iwihpomvinclear aromuatic hyvdrocarboin-;, phiemitlz (itith cobahtdif I ;II;nvl. and arontatic

Aie .~M. JGNI 31 5l. 17¶ 5311



X~iA~O 01. OFR.M."IO C COMP'OUNDS IN 'I F.' 543

et~ers, gave well-definied titration curves, indicating that eveln tile Illost Un'talble of
these?. radical cation-, or c.,tionls were StlffiCienltl% St;Llile to Cause dlepl)ar~zation, %%h]ile
Se~veral anilines tested gave poorly dlefined curves (tile o-chiloro, coinipound being ain

One may speculate onl thme relative size of the potential (lrojpsI2. Since the ti-
tration solutions wvere stirred, inass transfer rates were relatively rapid andl, as was
ob.served, radlical cation ha~lf-*ives-., wcre of comparable duration to mvra-surcnienit
times. Consequently, the electron transfer rate apparently cootrols the magnitude oi
AV. Since very little information is available on organic electron transfer ioeffiCienlts.Imeaningful diseuý,sion is, not yet ')osAile.

WVhiile the first step in thle above oxidations is relatively straightforward.
sub~sequent loss of electrons is more complicated. Stoicitioniciry for organic lbipo-

tentiomietrv indicated that two or more eqluivalents of oxidant were often involved,
lP0s~ible reactions, for lit:Yiul~cea aromatic hydrocarbons in-lude oxidation of dinier
to radical cation Ar-Ar.- o: to .\r-Akr*- or oxidation of radical cation to cation Ar?+!13,
reactions which may be concurrnit or seunil utecnomton cold . b-
tained by coupling bipotentiomietry withI suc1 , t2chninques as spectrojphotonicltry. dclc-
troll spin resonance, or -Vclic swiep voltamneitcrv.

Bipotentiomcetr'-c titrat ions of various pl~)youclear aromatic haydrocaribons,

bentzenes substituted with elcectron-donating groups, and.-r-excessive hecteroaromnatics

in trifluoroac-!tic acid-dichlorotnethane, with lead(l ) or cobalt'aIll) acetate solution
resulted in novel titratt ion eurvv'. Optimunm qualitative results were obtained with .1
ix5-sec delay between additionb of titrant. Each reagent increment usually resulted in
tefmtinoa tetal "saw-tooth". indicating formation an eay of revrible

redox couple:,; thle final titnation curve.; hadu one or snore jx~tvtriti;tl mninimia regionis
before thle end-pioi'nt. Beccause of considerthle dlifferences: in number, reversibility
andl stabilitv of oxidation iiiterntcdiattes, no" two aroma~tics of those testedl gave iden-

-- tical curvvs. Hlowever-, uffivient simnilarities existed. to perinit a :.yStemr (f curive chas- A
- sification and some degree of correlation. The technique is at 1)rt:eiilt essentially a
-- (l~ualitativt' one. In anmost ail instances thie titratioo curve for a 6~ven arnmatic

complound is characteristic. szomewhat in tile muanner of a sp'xtrophotomiet ric ctirve.

t-ne 6tudle (-A eftectije stir le-- titrages bipore-ntionu~triqutes dt. div-ers hydro-
carbures artnistat i(jltes l~ioynticKaireft.- de enzenes sitistittes: et de compos& esluttro- A
a1rorllatiqItes,, dans le milieui acide trfurautwu-ihhrn~h an ]' aide tie-
5.ollifjnils Wacetate de phoum.il(l 1.') et (le cobalt(l 11). Cette te-chnique c;t acttmiellemnent
es'.entivilenient quallitat've. lDans prt-;tie cihaqle cas, Ia, corurbe de tita. est caract&
ristiqImc pourtin r-iii tilxr,, aroinatique (lolnnj, tinle pen Ar Ia. uanicre (I.n linem ,-Sr
speettiol dotonv.trique.

Verseb ;edne inehirk-ernigt .mroniat iSCI e Kolilen-.vassf-rstoffc. mit Eletroer

A oat! Ck-o, J-da, 32 f'70 537-314
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(Ionor-( iuppeit mib~tstuliertc B IizoII(e tind! r-elek-triiieiircich I Iuterow~onta~teit wirdecn
inIrfuoc~i~itr A'li iieinimit ltiiV Mxer KIatlIi-Iea-~i9n

tinuditative HErgclbniSsc wvnrden eirhadten, veinn tins Titritioiisiittel in AI)vtiflden- I

vý 5 %cc ztigegeheii Wilf-de. Jedec Reagenzzugabc fithitei te oIrim-flerwtiM, ni ciner :i-

ge~I~ifomigiiPotntiivrdneralg di Iil~II~gtn(IZarf~~ireverl.ihler RedIijxpnare

.nei~. Dit' ilitslc I --. -- h~altenen Tt trat ion..kturven iritten vc~r dem Fidpinin'A

KIder inelrere Bereciciu uit Potent iaiminjiti. W, .en (ter erlichlicluen Unter~schiide in -

(ter At2zahuI Reversibilit~it uiid Stabilit~it der ON idait ioiis-ZViSCI ICInIt 1fell %arenutinter
dien unitersucliteii Aroniaten etwile 1unii idI'iitislciwn Iitratiiti~kui~irven. 111,; ene %vared

geniigteiii Almtiic:!elten. vtjtltandeii. die eiii Spzteni (tcr Kturveukik:Lsitiz~ierlung erlaui.
tell 1111d ill gewk.s--4-- G~rade Ikiielam-Ca IreonHesn as Vrarnitcn
wdirfig ini we,:.entltichuen ffur q~ualitative Z~vecke .inwenudar. IBei fast a11le !eis'piceklz
ist die 'ritrtiollsktrv~e ffur edue gegedka- aroma~tisclue Verbindmit.z chuarakteristi-wiu.
etwva il 4cer Art einer .;I),ktrolphootniictrikchIeii Kurve.
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